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Diagnosis of Right Lower Quadrant Pain
and Suspected Acute Appendicitis

Executive Summary

Background

Abdominal pain is a common presenting
symptom for patients seeking care

at emergency departments, with
approximately 3.4 million expected cases
per year in the United States.! Appendicitis
is a frequent cause of abdominal pain and
occurs in approximately 8 to 10 percent

of the population over a lifetime.>*
Appendicitis has its highest incidence
between the ages of 10 and 30 years. The
ratio of incidence in men and women is
3:2 through the mid-20s and then equalizes
after age 30. Appendicitis is the most
common abdominal surgical emergency,
with over 250,000 appendectomies
performed annually in the United States.
The risk of acute appendicitis in pregnant
women is not much lower than that of the
general population, making appendicitis
the most common nonobstetric emergency
during pregnancy.*’ Untreated appendicitis
can lead to perforation of the appendix,
which typically occurs within 24 to

48 hours of the onset of symptoms.®
Perforation of the appendix can cause
intra-abdominal infection, sepsis,
intraperitoneal abscesses, and rarely death.*
In order to avoid the sequelae of perforated
appendicitis, a low percentage of
“negative” appendectomies (i.e., removing
a normal noninflamed appendix in patients
mistakenly diagnosed with appendicitis)

is generally accepted from a surgical
standpoint.
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Effective Health Care Program

The Effective Health Care Program
was initiated in 2005 to provide

valid evidence about the comparative
effectiveness of different medical
interventions. The object is to help
consumers, health care providers,
and others in making informed
choices among treatment alternatives.
Through its Comparative Effectiveness
Reviews, the program supports
systematic appraisals of existing
scientific evidence regarding
treatments for high-priority health
conditions. It also promotes and
generates new scientific evidence by
identifying gaps in existing scientific
evidence and supporting new research.
The program puts special emphasis
on translating findings into a variety
of useful formats for different
stakeholders, including consumers.

The full report and this summary are
available at www.effectivehealthcare.
ahrq.gov/reports/final.cfm.

Clinical symptoms and signs suggestive

of appendicitis include a history of central
abdominal pain migrating to the right
lower quadrant (RLQ), anorexia, fever, and
nausea/vomiting. On examination, RLQ
tenderness, along with “classical” signs of
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peritoneal irritation (e.g., rebound tenderness, guarding,
rigidity, referred pain), may be present. Other signs

(e.g., the psoas or obturator signs) may help the clinician
localize the inflamed appendix.®!! However, many
patients have a less typical presentation, necessitating

the use of laboratory or imaging tests to establish a
diagnosis. Laboratory evaluations potentially useful for the
diagnosis of appendicitis include the white blood cell and
granulocyte counts, the proportion of polymorphonuclear
blood cells, and serum C-reactive protein.'*'? Imaging
tests, such as ultrasound (US), computed tomography
(CT), and magnetic resonance imaging (MRI), are used
extensively for the diagnosis of appendicitis.'*!” Imaging
tests can be used alone or in combination. For example,
US is sometimes used as a triage test to separate patients
in whom sonography alone is adequate to establish a
diagnosis from those who require further imaging.?
Different factors may affect the performance of alternative
tests and their impact on clinical outcomes. For example,
US examination is considered to be highly operator
dependent?! and is technically challenging in obese
patients or women in late pregnancy. CT scanning can be
performed with or without the use of contrast agents, and
contrast can be administered orally, rectally, intravenously,
or via combinations of these routes.?

Clinical symptoms and signs, along with the results

of laboratory or imaging tests, can be combined into
multivariable diagnostic scores (sometimes referred to as
“clinical prediction rules”) that synthesize the findings

of different investigations to determine the most likely
diagnosis.? In adults, the most commonly used diagnostic
score for appendicitis is the Alvarado score,?® which is
based on eight items: pain migration, anorexia, nausea,
RLQ tenderness, rebound pain, elevated temperature,
leukocytosis, and shift of white blood cell count to the
left.?* Although the Alvarado score is also used in pediatric
populations,?2¢ the Pediatric Appendicitis Score has been
specifically developed and validated for use in children.?’

Diagnostic laparoscopy is also used for the evaluation of
patients with RLQ pain and suspected acute appendicitis,
primarily when a diagnosis cannot be established via
other means. Although diagnostic laparoscopy is generally
considered safe, studies have reported variable rates of
morbidity and mortality from the procedure.?

In general these diagnostic tests are widely available in
the United States. Clinical symptoms and signs can be
evaluated relatively easily and inexpensively. Evidence
from the National Hospital Ambulatory Medical Care
Survey suggested that CT and complete blood counts
are obtained in the majority of patients presenting to the

emergency department with abdominal pain. The survey
also showed that over time (between 1992 and 2006)

the use of CT for both adults and children has increased.
Over the same period, the use of the complete blood count
increased in adults but decreased in children.?**° Various
sources suggest that the use of US and MRI is increasing
in populations in which exposure to ionizing radiation is of
particular concern (e.g., children and pregnant women).*'=3’

As with all diagnostic tests, the modalities used in the
diagnostic investigation of patients with RLQ pain affect
clinical outcomes indirectly through their impact on
clinicians’ diagnostic thinking and decisionmaking.?®
More accurate and timely diagnosis of appendicitis can
minimize the time to the indicated intervention (e.g.,
surgery), thus reducing the time patients are in pain and
improving clinical outcomes (e.g., reducing the rate of
perforated appendicitis and its attendant complications).*
Conversely, time-consuming or unnecessary diagnostic
workup (an important outcome, but hard to operationalize)
may delay the indicated treatment and increase the risk of
complications or result in false-positive results and more
negative appendectomies. Furthermore, diagnostic testing
can impact resource use for the management of patients
with acute abdominal pain. For example, examination
with CT may reduce length of stay by avoiding prolonged
observation in cases in which a diagnosis cannot be
established clinically or by eliminating the need for
additional diagnostic testing.'® In some cases, CT can also
facilitate direct therapeutic intervention. For example, in
patients with perforated appendicitis complicated by an
abscess, the radiologist can not only detect but also treat
the abscess by percutaneous drainage, thus avoiding the
need for immediate operative intervention.

The diagnostic workup of acute appendicitis is complex
because patients with acute abdominal pain of different
etiologies can present with similar symptoms. Diagnosis

is particularly challenging in children, women of
reproductive age, pregnant women, and frail or elderly
patients.?***4! Tn young children (especially toddlers

and preschool-age children), acute appendicitis is often
diagnosed after perforation has occurred.**** Children have
a thinner appendiceal wall and less developed omentum,
and thus may not readily wall off a perforation. In addition,
many common childhood illnesses have symptoms similar
to those of early acute appendicitis. Young children may
also have difficulty communicating about their discomfort
or describing their symptoms.!! In addition, the use of
modalities that involve ionizing radiation (e.g., CT) entails
greater risks for children than for older patients.”® A large
proportion of women of reproductive age with appendicitis



are misdiagnosed.*'** Establishing a diagnosis in this
patient group can be particularly challenging because
symptoms of acute appendicitis can mimic those of
common gynecologic diseases (e.g., pelvic inflammatory
disease, ectopic pregnancy). In pregnant women the
diagnosis of suspected acute appendicitis can also be
challenging because some symptoms of appendicitis
(nausea and vomiting) are common in normal pregnancies
and because enlargement of the uterus can alter the
location of the appendix, which often moves higher and
to the back.*® Anatomic changes induced by pregnancy
make the clinical examination of pregnant patients with
abdominal pain more challenging and result in technical
difficulties when using US.?"## Tests involving ionizing
radiation (e.g., CT) are also generally avoided during
pregnancy to prevent exposure of the fetus to radiation.
Finally, obtaining a white blood cell count may not be
helpful in the diagnosis of acute appendicitis because
leukocytosis is common during pregnancy. The elderly
typically present with appendicitis in a more advanced
stage because they may delay seeking care, and definitive
diagnosis is sometimes delayed further because competing
etiologies for abdominal pain (e.g., malignancy or
diverticulitis) are considered more likely.* Therefore, the
performance of diagnostic tests may be modified by patient
age, and elderly and frail individuals with appendicitis
have a higher complication rate and a higher risk of
mortality than younger and less frail patients.

Rationale for Evidence Review

Accurate testing of patients presenting with symptoms
consistent with acute appendicitis to identify those

who need treatment can improve clinical outcomes and
reduce resource use. There is a lack of specific guidance
for selecting diagnostic modalities, particularly in
patient subgroups in whom the diagnosis is known to
be particularly challenging (e.g., children, women of
reproductive age, pregnant women, and the elderly).
Existing systematic reviews typically assess a single
diagnostic modality, focus almost exclusively on test
performance outcomes rather than patient-relevant
outcomes, and do not address factors that may modify
test performance. No review to date has comprehensively
examined all tests of interest or focused on comparisons
between alternative strategies.

Key Questions

With input from clinical experts, we developed the
following Key Questions to clarify the focus of the
proposed systematic review.

Key Question 1: What is the performance of alternative
diagnostic tests, alone or in combination, for patients with
RLQ pain and suspected acute appendicitis?

a. What are the performance and comparative
performance of alternative diagnostic tests in the
following patient populations: children, adults,
nonpregnant women of reproductive age, pregnant
women, the elderly (age >65 years)?

b. What factors modify the test performance and
comparative test performance of available
diagnostic tests in these populations?

Key Question 2: What is the comparative effectiveness
of alternative diagnostic tests, alone or in combination, for
patients with RLQ pain and suspected acute appendicitis?

a. For the populations listed under Key Question 1a,
what is the effect of alternative testing strategies on
diagnostic thinking, therapeutic decisionmaking,
clinical outcomes, and resource utilization?

b. What factors modify the comparative effectiveness
of testing for patients with RLQ pain and suspected
acute appendicitis?

Key Question 3: What are the harms of diagnostic tests
per se, and what are the treatment-related harms of test-
directed treatment for tests used to diagnose RLQ pain and
suspected acute appendicitis?

Methods

We performed a systematic review of the published
literature using established methods as outlined in the
Agency for Healthcare Research and Quality (AHRQ)
“Methods Guide for Effectiveness and Comparative
Effectiveness Reviews” (Methods Guide).*® We followed
the reporting requirements of the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses
(PRISMA).*! All key methodological decisions were
made a priori. The protocol was developed with input
from external clinical and methodological experts in
consultation with the AHRQ Task Order Officer (TOO)
and was posted online to solicit additional comments.
The review’s PROSPERO registration number is
CRD42013006480.

AHRQ TOO and External Stakeholder Input

A panel of Key Informants, including patients and other
stakeholders, gave input on the Key Questions to be
examined. These Key Questions were posted on AHRQ’s
Effective Health Care Web site for public comment and



revised in response to comments. A Technical Expert
Panel, including representatives of professional societies
and experts in the diagnosis and treatment of RLQ
abdominal pain and appendicitis, provided input to help
further refine the Key Questions and protocol, identify
important issues, and define the parameters for the
review of evidence. The AHRQ TOO was responsible for
overseeing all aspects of this project. Discussions among
the Evidence-based Practice Center, TOO, and Technical
Expert Panel occurred during a series of teleconferences
and via email.

Analytic Framework

We used an analytic framework (Figure A) that maps
the Key Questions within the context of populations,
interventions, comparators, and outcomes of interest.

Inclusion and Exclusion Criteria

Populations and Conditions of Interest

The population of interest for all Key Questions was
patients with acute RLQ abdominal pain (<7 days
duration) for whom appendicitis was considered in the
differential diagnosis. Separate analyses were performed
for children (age <18 years), adults (age >18 years),
women of reproductive age, pregnant women, and the
elderly. We initially planned to separately examine the
subgroup of very young children (<2 years and 2—5 years
of age); however, information for these subgroups was
poorly reported and we were unable to perform these
subgroup analyses.

Interventions

For all Key Questions, the interventions of interest were
diagnostic tests (alone or in combination) for diagnosing
appendicitis, including clinical symptoms, clinical signs,
laboratory tests, multivariable diagnostic scores, imaging
tests, nuclear imaging studies, and diagnostic laparoscopy.

Comparators (Index and Reference Standard Tests)

For all Key Questions, the comparators were alternative
tests or test combinations (listed previously) or clinical
observation.

Outcomes

For Key Question 1, the outcome of interest was test
performance, using pathology or clinical followup as the
reference standard. For Key Question 2, we examined the
impact of testing on diagnostic thinking, on therapeutic
decisionmaking, and on patient-centered and resource use
outcomes (negative appendectomy rate, bowel perforation,

fistula formation, infectious complications, delay in
diagnosis, length of hospital stay, fetal/maternal outcomes,
and mortality). For Key Question 3, we considered adverse
effects, including direct harms of testing and harms of
test-directed treatment. When outcome definitions were
not provided by the included studies, we adopted the terms
used by the studies at face value.

Timing
Studies were considered regardless of duration of
followup.

Setting

All health care settings were considered.

Study Design and Additional Criteria

For studies assessing test performance, we used previously
completed systematic reviews to identify relevant studies
and obtain specific data items. We updated these reviews
to include more recent studies identified through literature
searches. For index tests for which no relevant systematic
review of test performance meeting our selection criteria
could be identified, we performed a de novo systematic
review. We accepted both randomized and nonrandomized
comparative studies but analyzed them separately. We
included only English-language studies because our
preliminary searches indicated that non—English-language
studies represented a small portion of the evidence base
for any given test modality and were unlikely to change
conclusions.

Literature Search and Abstract Screening

Appendix A in the full report describes our literature
search strategies. Searches were conducted in PubMed®,
Embase®, the Cochrane Central Register of Controlled
Trials, and the Cumulative Index to Nursing and Allied
Health Literature (CINAHL®) databases to identify
primary research studies meeting our criteria (last search
on August 6, 2014, for PubMed; August 12, 2014, for all
other databases). We also used the PubMed search results
to identify systematic reviews of the tests of interest

(last search, July 31, 2013; search for systematic reviews
not updated). All reviewers screened a common set of
200 abstracts, and discrepancies were discussed in order to
standardize screening practices and ensure understanding
of screening criteria. The remaining citations were split
into nonoverlapping sets, each screened by two reviewers
independently. Discrepancies were resolved by consensus
involving a third investigator. We asked the Technical
Expert Panel to provide citations of potentially relevant
articles and identified additional studies through the
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perusal of reference lists of eligible studies, clinical
practice guidelines, relevant reviews, and conference
proceedings. The Technical Expert Panel reviewed
the final list of included studies to ensure that no key
publications had been missed.

Study Selection and Data Abstraction

Potentially eligible citations were reviewed in full text

for eligibility. A single reviewer examined each article;

a second reviewer independently examined a subset of
350 articles. Disagreements were resolved by consensus
involving a third reviewer. We included only English-
language studies during full-text review because our
preliminary searches indicated that non—English-language
studies had small sample sizes and represented a small
portion of the evidence base for any given test modality,
so their exclusion is unlikely to have affected our
conclusions. We excluded studies published exclusively in
abstract form because they are typically not peer reviewed,
they report only partial results, and their findings may
change substantially when fully published. A detailed
description of quality control measures is available in the
protocol (www.effectivehealthcare.ahrq.gov/search-for-
guides-reviews-and-reports/?pageaction=displayproduc
t&productid=1827). The lists of included and excluded
studies (organized by reason for exclusion) are

in Appendix B of the full report.

Previously published reviews were used as sources

of eligible studies of test performance and as sources

of data for objective data elements from these studies
(bibliographic information, characteristics of included
populations, and counts of individuals stratified by
diagnostic test result and disease status). We verified

all data from studies included in previously published
systematic reviews against the full text of the
corresponding publications. Because of the large number
of studies, a single reviewer extracted data from each
eligible noncomparative study of test performance;

for nonrandomized comparative studies (NRCSs) and
randomized controlled trials (RCTs), one reviewer
extracted and a second reviewer verified the data. For
RCTs, when possible, data were extracted according to the
intention-to-treat principle. We verified the data extraction
and risk-of-bias assessment in a random sample of 368
noncomparative test performance studies (1,487 separate
estimates of test performance). Overall, agreement was
excellent on items capturing information about the index
and reference standard tests and numerical information
on test performance. Agreement was less good for some
risk-of-bias items; information on these items was

reextracted for all included studies following a series of
standardization exercises.

Assessment of the Risk of Bias of Individual
Studies

We assessed the risk of bias for each study using the
assessment methods detailed by the AHRQ Methods
Guide.*® We used items from the updated QUADAS
(Quality Assessment of Diagnostic Accuracy Studies)

2 instrument to assess the risk of bias of the diagnostic
test studies included in the review.’>** For studies of other
designs, we used appropriate items to assess risk of bias:
for NRCSs, we used items from the Newcastle-Ottawa
scale;* for RCTs, we used items from the Cochrane

Risk of Bias tool.”” We rated each study as having low,
intermediate, or high risk of bias on the basis of adherence
to accepted methodological principles.

Evidence Synthesis

We summarized the included studies qualitatively and
present important features of the study populations,
designs, interventions, outcomes, and results in summary
tables in the full report and its appendixes. All studies
evaluating the test performance of the same single index
test in a similar patient population were synthesized
jointly, regardless of their source (our own literature
searches or previously published reviews). Analyses were
performed separately for the following patient populations:
children, women of reproductive age, pregnant women,
and the elderly. For each comparison of interest, we judged
whether the eligible studies were sufficiently similar

for meta-analysis on the basis of clinical heterogeneity

of patient populations and testing strategies, as well

as methodological heterogeneity of study designs and
outcomes reported.

When five or more sufficiently similar studies evaluated
the test performance of the same test in the same
population, we used a bivariate-bivariate normal meta-
analysis model to obtain summary sensitivity and
specificity estimates.’®>° We used the model estimates to
calculate summary positive and negative likelihood ratios
(LRs)® and to construct summary receiver operating
characteristic (ROC) curves.®'*> Meta-analyses were
conducted using Bayesian methods with flat (minimally
informative) priors.> We assessed heterogeneity by
inspecting plots of study estimates in the ROC space and
by examining the posterior distribution of the between-
study heterogeneity parameters (for logit-sensitivity

and logit-specificity). We explored heterogeneity using
subgroup and meta-regression analyses. There were not



enough studies comparing the same test strategies to allow
meta-analysis for clinical outcomes and resource use.

In cases in which only a subset of the available studies
could be quantitatively combined, we synthesized findings
across all studies qualitatively by taking into account

the magnitude and direction of effects and estimates of
performance.

Grading the Strength of Evidence and Assessing
Applicability

We followed the Methods Guide™ to evaluate the strength
of the body of evidence for each Key Question with
respect to the following domains: risk of bias, consistency,
directness, precision, and reporting bias.>** Briefly, we
assessed risk of bias (low, medium, or high) on the basis
of the study design and the methodological quality of the
studies. We rated the consistency of the data on the basis
of the direction, magnitude, and statistical significance

of all studies and made a determination. We assessed
directness of the evidence on the basis of the use of
surrogate outcomes or the need for indirect comparisons.
We assessed the precision of the evidence on the basis of
the degree of certainty surrounding each effect estimate.
The potential for reporting bias was evaluated with
respect to publication bias, selective outcome reporting
bias, and selective analysis reporting bias. For all types of
reporting bias, we made qualitative dispositions rather than
performing formal statistical tests to evaluate differences
in the effect sizes between more precise (larger) and less
precise (smaller) studies. Instead of relying on statistical
tests, we evaluated the reported results across studies
qualitatively on the basis of completeness of reporting,
number of enrolled patients, and numbers of observed
events.**** Judgment on the potential for selective outcome
reporting bias was based on reporting patterns for each
outcome of interest across studies. Finally, we rated the
overall strength of the body of evidence using four levels:
high, moderate, low, and insufficient.*’

We followed the Methods Guide® to evaluate the
applicability of included studies to patient populations of
interest. We considered important population subgroups
separately and evaluated the duration of symptoms before
enrollment, outcomes reported, and setting of care.

Results

We reviewed the full text of 5,187 publications, of which
969 were considered eligible for inclusion in the review.
Figure B presents the literature flow; our search strategies
are presented in Appendix A; the lists of included and

excluded studies (organized by reason for exclusion) are
provided in Appendix B of the full report.

Key Question 1: What is the performance

of alternative diagnostic tests, alone or in
combination, for patients with RLQ pain and
suspected acute appendicitis?

In total, 903 studies published between 1956 and 2014 met
the inclusion criteria for Key Question 1. In this Executive
Summary we present information on the tests that we
thought were most clinically relevant on the basis of our
reading of the literature, discussions with local clinical
experts, and discussions with Key Informants and the
Technical Expert Panel. The full report and appendixes
present complete data on all tests we examined.
Throughout, results for each test are presented separately
for adults, children, women of reproductive age, pregnant
women, and mixed populations (typically including male
and female patients of all ages).

Studies of Test Performance

In general, studies of test performance were deemed

to be at moderate to high risk of bias. Estimates of

test performance often appeared to be affected by
characteristics of study design that may be related to risk
of bias, particularly partial and incomplete verification.
In most cases, factors indicative of high risk of bias

were associated with higher values of estimated test
performance. These findings suggest that study conduct
may have affected estimates of test performance in our
meta-analyses. However, the assessment of the impact
of risk of bias had to rely on information that was often
poorly reported in the primary studies. Because each
risk-of-bias item was examined individually and because
different items may be correlated with each other and
with other study characteristics that may affect test
performance, we do not believe that definitive conclusions
about specific items can be reached at this time.

Test Performance of Clinical Symptoms and Signs
(in Isolation)

Table A presents key test performance results for selected
clinical symptoms and signs. Symptoms and signs had
limited test performance when used in isolation. There was
substantial heterogeneity in sensitivity and specificity for
most clinical symptoms and signs.

Test Performance of Laboratory Tests (in Isolation)

Table B presents key test performance results for selected
laboratory tests. The performance of individual laboratory
tests was also rather limited, but it was better than that



Figure A. Flow chart of included studies

Citations retrieved from PubMed® (August 6, 2014);
Embase®, CCRCT, CINAHL® (August 12, 2014)

(28,203)

Excluded in abstract screening
(23,016)

Excluded (4,261 studies):

Abstract only (364)
Appendicitis-specific test results not
reported (166)

Case report or case series (188)
Case-control study design (78)

Reviews

Full-text articles retrieved

Data not extractable (92)
Duplicate publication (38)

(5,187) Index test confounded by antibiotics

(30 studies)

Studies from reviews

&)

Index test results not reported (190)
Less than sample size cutoff (48)
No human subjects (4)

No primary data (922)

No reference standard or reference
standard not approved (20)

(297 studies)

Non-English (1,067)

Not outcome of interest (36)
Not population of interest (88)
Not retrieved (17)

Full-text articles included — duplicates Selected on basis of index test results
removed (925 studies) (35)

Not test of interest (527)

Selected on the basis of outcomes
(380)

KQ1
903 studies

KQ2 KQ3
76 studies 83 studies

CCRCT = Cochrane Central Register of Controlled Trials; KQ = Key Question

of clinical symptoms and signs. There was substantial
heterogeneity in sensitivity and specificity for most
laboratory tests. Nevertheless, in most cases, summary
ROC lines appeared to fit the data relatively well.

Test Performance of Multivariable Diagnostic Scores

Information on one or more multivariable diagnostic
scores was reported in 127 studies. The authors usually
proposed two types of cutpoints for these scores: a low
value, below which patients might be safely discharged
or observed (we refer to this cutpoint as the “low-risk
cutoff”), and a high value, above which patients should

(we refer to this cutoff as the “high-risk cutoft”). The
low- and high-risk cutoff values can be used to define
three patient groups at different risk for appendicitis: low,
intermediate, and high risk. If the diagnostic score has
adequate classification performance and good calibration,
the preferred test-and-treat strategy for each group will
be different. When studies reported results at multiple
cutpoints, we performed analyses at low-risk and high-
risk cutpoints suggested by the original score developers
or recommended in studies conducted after the ones
examined. For scores developed specifically for binary

be referred for treatment without additional investigation classification, we used a single cutpoint. Test performance




Table A. Summary estimates of test performance of clinical symptoms and signs for the

Sympotom
or Sign
Fever

Guarding

Pain Migration

Tenderness

Rebound
Tenderness

diagnosis of acute appendicitis

Population
Adults
Children
Children <5 years
Women of reproductive age
Pregnant women
Mixed
Adults
Children
Women of reproductive age
Pregnant women
Mixed
Adults
Children
Women of reproductive age
Pregnant women
Mixed
Children
Children <5 years
Women of reproductive age
Mixed
Adults
Children
Children <5 years
Women of reproductive age
Pregnant women
Mixed

N Studies
(N Affected/
N Unaffected)

15 (2,082/1,796)
22 (3,952/3,845)
2 (196/77)

2 (37/36)

10 (309/166)

33 (8,766/5,386)
5(771/1,158)

8 (870/1,554)

1 (17/27)

4 (144/103)

18 (3,151/4,231)
11 (1,831/864)
15 (2,049/3,535)
1 (17/27)

1 (42/14)

23 (4,475/6,156)
2 (206/474)

1 (155/28)

1 (17/27)

10 (1,450/1,510)
11 (1,423/1,540)
11 (1,013/1,895)
1 (155/28)

1 (26/79)
5(160/111)

30 (5,859/6,738)

Sensitivity
(95% Crl or Range*)

0.46 (0.29 to 0.64)
0.51 (0.41 to 0.61)
0.88 (0.83 to 0.93)
0.36 (0.20 to 0.53)
0.33 (0.14 to 0.59)
0.50 (0.39 to 0.61)
0.67 (0.36 to 0.89)
0.64 (0.49 to 0.77)
0.76

0.63 (0.14 to 0.76)
0.63 (0.47 to 0.78)
0.56 (0.45 to 0.67)
0.57 (0.39 to 0.73)
0.53

0.57

0.61 (0.49 to 0.71)
0.63 (0.26 to 1.00)
0.98

1.00

0.99 (0.95 to 1.00)
0.67 (0.50 to 0.81)
0.60 (0.43 to 0.77)
0.85

0.42

0.71 (0.36 to 0.92)
0.74 (0.65 to 0.82)

Specificity

(95% Crl or Range*)

0.63 (0.47 to 0.77)
0.72 (0.66 to 0.77)
0.34 (0.29 to 0.39)
0.94 (0.89 to 1.00)
0.65 (0.37 to 0.86)
0.72 (0.62 to 0.80)
0.69 (0.43 to 0.87)
0.69 (0.54 to 0.81)
0.85

0.55 (0.43 to 0.74)
0.69 (0.53 to 0.81)
0.65 (0.50 to 0.78)
0.74 (0.66 to 0.81)
0.67

0.86

0.67 (0.56 to 0.76)
0.57 (0.46 to 0.68)
0.25

0.04

0.30 (0.08 to 0.67)
0.70 (0.51 to 0.83)
0.73 (0.57 to 0.84)
0.86

0.65

0.58 (0.21 to 0.88)
0.60 (0.48 to 0.72)

*We report sensitivity and specificity values as medians and report central 95% credible intervals (95% Crl) when >5 studies were available. We
report medians and minimum-to-maximum values when <5 studies were available. When a single study was available, we report the estimate from

that study.

results for commonly used scores are presented in Tables C

and D.

The majority of multivariable diagnostic scores were
developed prior to the widespread use of diagnostic
imaging with CT and US. More recently developed scores
were designed with the intention of identifying a low-risk
group in which imaging can be omitted. Furthermore,
multivariable models were often developed and evaluated
in the same patient sample. It is likely that the lack of
separation between the training and testing datasets led

to optimistic estimates of test performance. Lack of
external validation also limited our ability to assess the

generalizability of many diagnostic scores.

Test Performance of Imaging Tests

Table E presents key test performance results for selected
imaging tests. Positive and negative LRs were generally
higher for CT and MRI than for US, but all three tests had
LRs that are clinically relevant (>5 and <0.2 for positive
and negative LRs, respectively). US had substantially
higher rates of nondiagnostic exams. The median
percentage of nondiagnostic scans for CT was lower than
6% for all populations examined; the median proportion
was substantially higher for US (ranging from 0% in
women of reproductive age to 77.3% in pregnant women).
However, the reporting of information on nondiagnostic
scans was inconsistent across studies, raising concerns



Table B. Summary estimates of test performance of laboratory values for the
diagnosis of acute appendicitis

N Studies
Laboratory (N Affected/ Sensitivity Specificity
Value Population N Unaffected) (95% Crl or Range*) | (95% Crl or Range*)
CRP Adults 15 (1,541/983) 0.84 (0.73 t0 0.92) 0.67 (0.50 to 0.81)
Children 22 (2,226/1,635) 0.73 (0.66 to 0.80) 0.72 (0.61 to 0.81)
Elderly 2 (213/72) 0.91 (0.91 to 0.92) 0.21 (0.17 to 0.25)
Women of reproductive age | 3 (169/133) 0.79 (0.44 to 0.97) 0.70 (0.33 to 0.93)
Pregnant women 1 (31/8) 0.68 0.50
Mixed 52 (8,742/5,903) 0.79 (0.74 to 0.83) 0.65 (0.57 t0 0.72)
WBC Adults 26 (4,070/2,452) 0.81 (0.74 t0 0.87) 0.54 (0.42 to 0.64)
Children 41 (6,595/4,473) 0.80 (0.73 to 0.85) 0.65 (0.56 to 0.73)
Elderly 3 (287/82) 0.71 (0.69 to 0.77) 0.50 (0.38 to 0.70)
Women of reproductive age | 2 (49/18) 0.64 (0.60 to 0.69) 0.67 (0.67 to 0.67)
Pregnant women 6 (197/82) 0.63 (0.21 t0 0.92) 0.75 (0.38 to 0.95)
Mixed 84 (19,074/10,883) 0.78 (0.75 to 0.82) 0.62 (0.58 to 0.66)
WBC +CRP  Adults 2 (194/68) 0.93 (0.86 to 1.00) 0.62 (0.37 to 0.86)
Children 5(566/132) 0.81 (0.42 to 0.96) 0.73 (0.54 to 0.85)
Elderly 1(77/8) 0.96 0.13
Women of reproductive age 1 (29/9) 0.93 0.44
Mixed 15 (4,145/1,734) 0.72 (0.42 t0 0.91) 0.73 (0.54 to 0.88)

CRP = C-reactive protein; WBC = white blood cell count
*We report sensitivity and specificity values as medians and report central 95% credible intervals (95% Crl) when >5 studies were available. We
report medians and minimum-to-maximum values when <5 studies were available. When a single study was available, we report the estimate from

that study.

Table C. Summary estimates of test performance of Alvarado diagnostic score test
(low-risk cutoff) for the diagnosis of acute appendicitis

N Studies

(N Affected/

Sensitivity

Specificity

Test Population N Unaffected) (95% Crl or Range*) | (95% Crl or Range*)
Alvarado Adults 3 (407/264) 0.91 (0.89 to 0.93) 031 (0.24 to 0.78)
Children 6 (674/898) 0.99 (0.92 to 1.00) 0.48 (0.24 to 0.74)
Mixed 20 (3,986/4,073) 0.96 (0.92 to 0.98) 0.46 (0.34 to 0.58)
Women of reproductive age | 2 (89/50) 0.99 (0.98 to 1.00) 0.24 (0.22 to0 0.25)
Children <5 years 1 (17/10) 1.00 0.20

*We report sensitivity and specificity values as medians and report central 95% credible intervals (95% Crl) when >5 studies were available. We

report medians and minimum-to-maximum values when <5 studies were available. When a single study was available, we report the estimate from
that study.

about reporting bias. The full report presents the results
of sensitivity analyses for the test performance of
imaging tests under different assumptions about
nondiagnostic scans. Heterogeneity in sensitivity and
specificity was moderate or high for most tests with
adequate data for assessment, yet in most cases summary
ROC lines appeared to fit the data relatively well. CT
had high sensitivity (summary estimates ranging from

0.95 to 1) and specificity (0.91 to 0.99) in all

populations of interest for this report. MRI had high
sensitivity (0.91 to 1) but appeared to have variable
specificity (0.86 to 1), mainly because of the smaller
number of available studies, and the findings are most
applicable to pregnant women. In adult populations, US
had lower sensitivity (0.83) and specificity (0.89) than
CT and MRI, and produced more nondiagnostic scans. In
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Test
Alvarado

Alvarado
Modified

PAS

Table D. Summary estimates of test performance of diagnostic score tests

(high-risk cutoff) for the diagnosis of acute appendicitis

Population
Adults
Children
Mixed
Women of reproductive age
Children <5 years
Adults
Children
Elderly
Mixed
Women of reproductive age
Children

PAS = Pediatric Appendicitis Score
*We report sensitivity and specificity values as medians and report central 95% credible intervals when >5 studies were available. We report medians
and minimum-to-maximum values when <5 studies were available. When a single study was available, we report the estimate from that study.

Test
CT

MRI

uUs

CT = computed tomography; MRI = magnetic resonance imaging; US = ultrasound

N Studies

(N Affected/
N Unaffected)

16 (2,354/1,212)
9 (855/1,163)
30 (4,475/4,337)
5(202/177)

1 (17/10)

4 (254/126)
5(109/110)

1 (7/10)

6 (412 /139)

4 (186/69)
1[108/18)

Sensitivity
(95% Crl or Range*)
0.75 (0.59 to 0.87)
0.85 (0.75 to 0.93)
0.77 (0.69 to 0.84)
0.70 (0.35 t0 0.92)
0.76
0.68 (0.54 to 0.89)
0.89 (0.71 to 0.98)
0.86
0.82 (0.63 to 0.93)
0.60 (0.17 to 0.91)
0.95

Specificity

(95% Crl or Range*)
0.75 (0.57 to 0.87)
0.84 (0.61 to 0.96)
0.79 (0.74 to 0.84)
0.91 (0.65 t0 0.99)
0.60

0.60 (0.14 to 0.89)
0.80 (0.37 to 0.97)
0.80

0.62 (0.24 to 0.89)
0.50 (0.17 to 1.00)
0.11

Table E. Summary estimates of test performance of diagnostic imaging
for acute appendicitis

Population
Adults
Children
Elderly
Women of reproductive age
Pregnant women
Mixed
Adults
Children
Women of reproductive age
Pregnant women
Mixed
Adults
Children
Women of reproductive age
Pregnant women
Mixed

N Studies

(N Affected/
N Unaffected)

72 (7,833/14,469)
34 (3,581/3,122)

4 (144/582)

11 (596/652)

5 (26/84)

93 (9,341/10,357)

7 (512/467)

7 (359/665)

1 (50/88)

11 (76/570)
5(243/141)

38 (3,560/3,656)

85 (8,539/15,167)
11 (516/539)

13 (188/198)

125 (11,902/14,314)

Sensitivity
(95% Crl or Range*)
0.96 (0.95 to 0.97)
0.96 (0.94 to 0.98)
1.00 (0.94 to 1.00)
0.99 (0.96 to 1.00)
0.99 (0.96 to 1.00)
0.96 (0.95 to 0.97)
0.95 (0.88 to 0.98)
0.97 (0.87 to 1.00)
1.00
0.98 (0.92 to 1.00)
0.94 (0.83 to 0.99)
0.85 (0.79 to 0.90)
0.89 (0.86 to 0.92)
0.72 (0.51 to 0.88)
0.72 (0.45 to 0.92)
0.86 (0.83 to 0.89)

Specificity

(95% Crl or Range*)
0.96 (0.93 to 0.97)
0.92 (0.85 to 0.96)
1.00 (0.43 to 1.00)
0.91 (0.75 to 0.97)
0.91 (0.75 to 0.97)
0.94 (0.91 to 0.95)
0.92 (0.87 to 0.95)
0.96 (0.84 to 0.99)
0.86

0.98 (0.96 to 1.00)
1.00 (0.97 to 1.00)
0.90 (0.83 to 0.95)
0.91 (0.89 to 0.94)
0.92 (0.75 to 0.98)
0.95 (0.84 to 0.99)
0.90 (0.87 to 0.92)

*We report sensitivity and specificity values as medians and report central 95% credible intervals when >5 studies were available. We report medians
and minimum-to-maximum values when <5 studies were available. When a single study was available, we report the estimate from that study.
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children, the specificity of US was similar to that of CT
(0.92 vs. 0.91), but CT had greater sensitivity (0.89 vs.
0.96); these results were based on a large number of
studies (72 for US and 32 for CT). In the same patient
population, MRI had a specificity of 0.99 and sensitivity
of 1, but data were derived from only three studies and are
therefore less reliable than those for other imaging tests.
Among pregnant women, CT (5 studies), MRI (10 studies),
and US (10 studies) had similar specificity (0.98, 0.98, and
0.95, respectively), but CT and MRI had higher sensitivity
than US (0.95, 0.98, and 0.73, respectively).

Test Performance of Diagnostic Laparoscopy

Fifty-five studies published between 1974 and

2014 reported information on the test performance of
diagnostic laparoscopy. The reporting of methods and
outcomes in these studies was less complete than that

of studies of other tests. When possible to discern such
information from the reported data, patients undergoing
diagnostic laparoscopy often presented atypically and had
already been examined with a number of other diagnostic
modalities. In addition, studies of laparoscopy did not fully
report information on the final diagnosis of patients for
whom the procedure did not reveal an inflamed appendix.
Studies often did not report operational definitions for

the absence of any pathology and had heterogeneous
management policies for such cases. These features of the
studies can influence the estimates of test performance; for
this reason, we did not perform any quantitative synthesis
for the test performance of diagnostic laparoscopy. It

is important to note that patients included in studies of
diagnostic laparoscopy are likely to be different from
patients included in studies of noninvasive tests, even

if the selection criteria are not clearly presented. They
may, for example, have more severe symptoms or have
atypical findings on other tests. Thus, indirect comparisons
of diagnostic laparoscopy with noninvasive tests are not
meaningful.

Sensitivity and Specificity

For the 54 studies for which they could be calculated, the
median sensitivity and specificity were 100 and 89 percent,
respectively. However, there was a wide range, with
sensitivity ranging from 37 to 100 percent (25" percentile,
95%; 75" percentile, 100%) and specificity ranging from
0 to 100 percent (25" percentile, 73%; 75™ percentile,
100%). This variability likely reflects the heterogeneous
populations evaluated in these studies. In the 16 studies
that reported on women of reproductive age, the median
sensitivity was 100 percent (25" percentile, 100%;

75™ percentile, 100%), and the median specificity was

89 percent (25" percentile, 79%; 75" percentile, 100%).
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Tests Positive for Other Pathology

Forty-one studies reported some information on other
pathology diagnosed at laparoscopy. The median
proportion of patients identified with nonappendiceal
pathology was 22 percent (25" percentile, 11.5%;

75" percentile, 34%). Only six small studies reported
that other pathology was found when appendicitis was
also present. The median was 5 percent (25" percentile,
2%; 75™ percentile, 13%). In studies of women of
reproductive age, the median proportion of patients
identified with nonappendiceal pathology was 23 percent
(25™ percentile, 18%; 75" percentile, 26%); no
nonappendiceal pathologies were found in patients who
had appendicitis.

Other. Information on other test performance outcomes

of diagnostic laparoscopy—for example, the proportion
of cases in which the appendix could not be visualized
and the proportion of cases in which no cause of pain was
identified (i.e., nonproductive abdominal explorations)—is
presented in the full report.

Modifiers of Test Performance

The vast majority of studies did not report adequate data
to assess factors that may affect test performance; for this
reason we relied on comparisons across studies via meta-
regression analyses to identify such factors. Overall, no
distinct pattern emerged to establish a particular factor as
a modifier of test performance. For all clinically relevant
factors examined, credible intervals were wide, indicating
substantial uncertainty regarding the relative performance
of tests over levels of the modifiers. Details on the impact
of patient- and test-related characteristics on the test
performance of various tests in specific subpopulations are
presented in the full report.

Comparative Assessments of Test Performance

Our assessment of comparative test performance relied on
randomized and nonrandomized direct (i.e., within-study)
comparisons of tests. Overall, on the basis of items from
the Cochrane risk—of-bias tool, RCTs were deemed to be
at moderate risk of bias. NRCSs were at high risk of bias
because they either did not make any attempt to address
differences among groups receiving different test strategies
or failed to consider at least some important factors

(e.g., age, sex, or duration and severity of symptoms).

Randomized Comparisons of Alternative Tests

Although 36 RCTs reported information on comparative
test performance, each possible comparison was examined
by only one or two small trials, and these trials did not
report information on the same outcomes. Therefore, it



was not possible to draw strong conclusions about the
comparative performance of different tests.

Nonrandomized Comparisons of Alternative Tests

Nonrandomized Comparisons of Diagnostic Scores. Eight
studies reported direct comparisons among alternative
diagnostic scores for appendicitis. Three studies included
only children, one included women of reproductive age,
and four included mixed populations. Across all eight
studies, differences in test performance between scores
were small; this was particularly true for the comparison
of the Alvarado score and Pediatric Appendicitis Scores
applied to children with suspected acute appendicitis. The
one exception was a study that compared a multivariable
diagnostic score based on clinical symptoms and signs
versus a score combining the same clinical variables with
the addition of US: incorporation of imaging information
improved test performance substantially with respect to
both sensitivity and specificity.

Nonrandomized Comparisons of CT and US. Fifty-three
studies reported results in cohorts using both CT and US
as index tests, potentially permitting direct nonrandomized
comparisons of these modalities. Ten studies investigated
CT as a replacement for US, 13 investigated US as a
triage test for CT, and 30 studies were unclear about the
actual role of testing that was being evaluated (often
using convenience samples of patients selected using
criteria that were poorly reported). Nine of the studies

had a paired design and 44 had a parallel-group design.

In general, CT had better test performance than US when
used as a replacement test or when the role of testing
being evaluated was unclear. In the triage context, CT

had high test performance (diagnostic odds ratios higher
than 10 and often higher than 100) in patient populations
selected on the basis of US results (typically, patients with
nondiagnostic US findings or negative US findings in the
presence of symptoms suggestive of appendicitis).

Nonrandomized Comparisons of MRI and US. Eight
studies reported results in cohorts using both MRI and

US as index tests. Four studies investigated MRI as a
replacement for US, one investigated US as a triage test
for MRI, and three studies were unclear about the actual
role of testing that was being evaluated (tending to use
convenience samples of patients selected for a specific

test using criteria that were poorly reported). Four of the
studies had a paired design and four had a parallel-group
design. MRI, when used as a replacement test for US, had
greater test performance; however, the available studies are
few and, when combined, produce rather imprecise results.
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Key Question 2: What is the comparative
effectiveness of alternative diagnostic tests,
alone or in combination, for patients with RLQ
pain and suspected acute appendicitis?

Of 925 included studies, 54 reported information on
comparative effectiveness outcomes related to diagnostic
tests (36 RCTs and 18 NRCSs). Many of the included
RCTs were small and may have produced unstable
estimates of event rates and treatment effects. Furthermore,
selection criteria differed substantially among trials,
rendering cross-study comparisons uninformative.

Key Question 3: What are the harms of
diagnostic tests per se, and what are the
treatment-related harms of test-directed
treatment for tests used to diagnose RLQ pain
and suspected acute appendicitis?

Of 925 included studies, only 83 mentioned harms related
to diagnostic tests: 17 RCTs, 13 NRCSs, and 53 diagnostic
cohort studies. Eight studies (3 RCTs and 5 diagnostic
cohort studies) reported an absence of adverse events for
all tests except diagnostic laparoscopy. The fact that so
few studies reported harms raises concerns about selective
outcome reporting.

Contrast-Related Adverse Events

Eight studies (3 RCTs and 5 diagnostic cohort

studies) reported on adverse events related to contrast
administration. Of these, three reported that the contrast
was well tolerated. The others reported a combination of
nonfatal adverse events.

Exposure to Ionizing Radiation

No studies reported direct evidence on the effect of
ionizing radiation on patient-relevant outcomes. Twelve
studies (3 RCTs, 4 NRCSs, and 5 diagnostic cohort
studies) reported radiation doses for CT, and three of
these discussed strategies to reduce CT-related radiation
exposure in a population, but they did not link this
information with clinical outcomes.

Maternal/Fetal Adverse Events

Six studies (3 studies of US, 3 of MRI, and 2 of multiple
clinical and lab tests, some studies evaluating more than

1 test) reported information on maternal outcomes. One
study of MRI reported that 17 patients without appendicitis
progressed to uneventful labor and delivery. A second



study of MRI reported that not using oral contrast sped up
the imaging process. The remaining four studies reported
that there was no maternal mortality.

Seven studies (5 studies of US, 2 of MRI, 1 of CT, and 1 of
clinical symptoms and signs, some studies evaluating more
than 1 test) reported information on fetal outcomes. One
study of US reported that 18 of 22 patients had a normal-
term delivery; there were two spontaneous abortions (in
patients with no clinical or sonographic evidence of acute
appendicitis) and two elective abortions. The second study
examined US and clinical and laboratory tests, and found
that all 20 women delivered healthy infants. The third
study gave fetal outcomes for only 2 of the 45 participants
who underwent US for the diagnosis of appendicitis. One
was a spontaneous abortion in a woman with surgically
confirmed acute appendicitis without perforation, and

the other was a premature delivery in a patient with no
evidence of appendicitis at followup through delivery.
The fourth study reported a total of nine adverse fetal
outcomes (5/31 who had MRI and 4/44 in the US or
clinical group); none were in the perioperative period. The
fifth study reported outcomes for US, MRI, and CT. In the
US group, one patient, who had an open appendectomy in
the first trimester, developed severe preeclampsia and had
a premature delivery at 33 weeks. (This patient also had a
diagnostic CT.) There was one fetal death after a negative
open appendectomy, but neither the fetal death nor the
early delivery was related directly to the appendectomy,
and one patient with perforated appendicitis had abruptio
placentae and vaginal hemorrhage. Only one patient had
MRI, and she delivered a healthy baby at term. Of

13 patients who had a diagnostic CT, 9 delivered healthy
infants; 1, who had an open appendectomy in the first
trimester, developed severe preeclampsia and had a
premature delivery at 33 weeks (previously mentioned);
and 3 were lost to followup. The sixth study reported fetal
outcomes for 55 of 80 patients who had CT. Fifty-one had
a live infant at or near term, one had a premature delivery
of a live 30-week infant 3 days after CT-diagnosed

gastric cancer, two had spontaneous vaginal delivery of

a nonviable fetus (1 at 18 weeks with sepsis after normal
CT and normal laparotomy, and 1 at 22 weeks with
chorioamnionitis, 5 days after normal CT). There was one
fetal death at 26 weeks (4 weeks after a CT examination
with normal findings). The seventh study reported that

in a group evaluated using symptoms and signs, there
were seven therapeutic abortions and two perioperative
spontaneous abortions (first trimester), and four women
without appendicitis had severe perinatal morbidity or
mortality.
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Surgical Complications in Studies of Diagnostic
Laparoscopy

Thirty-four studies of diagnostic laparoscopy mentioned
surgery-related harms. Eight RCTs (469 patients) and

8 NRCSs (4,084 patients) described complications related
to laparoscopy compared with open appendectomy;

25 diagnostic cohort studies (5,553 patients) reported on
complications of diagnostic laparoscopy. In general, the
rates of specific complications were low (generally less
than 10% and in most cases less than 2%). Few studies
attributed specific adverse events to diagnostic laparoscopy
(as opposed to additional surgical intervention). Nine
studies, including five RCTs, reported that there were

no complications related to the diagnostic laparoscopic
procedure.

Discussion

Key Findings and Strength-of-Evidence
Assessment

The literature on the test performance of various clinical
symptoms and signs, laboratory and imaging tests, and
diagnostic scores is vast but consists almost exclusively

of studies assessing the test performance of individual
tests. Information on test performance of multiple tests
applied jointly and conditional test performance

(i.e., test performance among patients already examined
with other tests) was limited. The few studies that provided
information on more than one index test were typically
not designed with the goal of providing comparative
information, and cross-study comparisons cannot provide
reliable evidence on relative performance. Studies meeting
our selection criteria provided limited information on

the test performance or comparative effectiveness of
diagnostic pathways (i.e., well-defined sequences of
diagnostic and treatment steps). We assessed the strength
of evidence for key outcomes selected on the basis of

our reading of the literature and discussions with Key
Informants and Technical Experts. Our assessment
integrates subjective judgments on risk of bias, consistency
of findings, directness of the available information, and
precision of estimates.

Test Performance

Clinical symptoms and signs used in isolation, including
classical signs of peritoneal irritation, fever, and various

assessments of abdominal pain, appeared to have limited
test performance for all the populations of interest to this
report. Among laboratory tests, white blood cell count,



C-reactive protein, and tests derived from combinations
of measurements on the complete blood count and
differential had test performance that was generally higher
than that of clinical symptoms and signs (especially with
respect to sensitivity using a low-risk threshold) but still
rather limited (e.g., in terms of summary LRs). These
observations were relatively stable across the patient
populations examined. Because studies did not allow an
examination of the performance of multiple tests applied
jointly and because conditional test performance was not
reported uniformly across studies, the clinical implications
of the relatively limited test performance of many
nonimaging tests is not clear. Furthermore, symptoms and
signs are variable in a patient (over the course of disease)
and among patients, and it is hard to assess their clinical
usefulness based on test performance. Importantly, the
clinical examination forms the basis of the investigation
of acute abdominal pain and suspected acute appendicitis
and, even if poorly reported, all studies of imaging tests
use some form of clinical examination (e.g., for patient
selection). Multivariable diagnostic scores appeared to
have test performance that was superior to the individual
clinical signs, symptoms, or laboratory tests they included
but still rather limited (e.g., in terms of summary LRs).
Of note, the majority of studies assessed scores that had
been developed before the widespread availability of CT
and US imaging, suggesting that their results may be less
applicable to current clinical practice.

Among imaging tests, CT and MRI had high sensitivity
and specificity, resulting in clinically relevant summary
LRs. CT has been investigated in a large number of
diagnostic cohort studies, leading to precise estimates
of test performance in all populations of interest for

this report. In contrast, MRI has been investigated in

a relatively small number of studies, mainly focused

on pregnant women; therefore, the results may not

be applicable to other populations. US has been
investigated in a large number of studies and results
were somewhat heterogeneous, suggesting that the
average estimate of test performance may not apply to
all populations for which US is considered. Possible
explanations for this heterogeneity are the operator
dependence of the test performance of US and the fact
that studies were conducted in different settings. Despite
the heterogeneity, the data suggest that US had lower
overall test performance than CT and MRI, and resulted
in a substantially greater proportion of nondiagnostic
examinations. Diagnostic laparoscopy appeared to have
good test performance, but studies were poorly reported
and differed in their policies regarding removal of the
appendix when no pathology was macroscopically visible,
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which may bias test performance results. Furthermore,
patients included in studies of diagnostic laparoscopy

are likely to be very different from patients included in
studies of noninvasive tests. Therefore, our results for the
test performance of laparoscopy should not be compared
with the other diagnostic tests reviewed in this report.
Table F summarizes our findings regarding the strength of
evidence for the diagnostic performance of selected tests.
When interpreting these results, readers should remember
that test performance is not directly related to clinical
outcomes, and high sensitivity and specificity do not
necessarily imply better patient-relevant outcomes.

Comparisons among tests with respect to test performance
relied on a small number of RCTs with moderate risk

of bias, a relatively small number of direct comparisons
among index tests in diagnostic cohort studies that were
not designed to obtain comparative information, and
indirect comparisons across single index test studies
enrolling diverse populations in heterogeneous clinical
settings. There was moderate-strength evidence that CT
has superior overall test performance compared with US
and produces fewer nondiagnostic results. Similarly, MRI
appeared to have better test performance than US, but

the strength of evidence was deemed low. The strength
of evidence on comparisons among other imaging tests
and among multivariable diagnostic scores was deemed
insufficient. The evidence regarding the effect of patient-
and test-related characteristics on test performance

was also deemed insufficient. There were indications

that aspects of study design characteristics affect test
performance, but the effects are often unpredictable in
direction and do not have direct clinical relevance.

Patient-Relevant Outcomes

We based our assessment of the comparative effectiveness
of alternative tests on randomized studies (with the
exception of outcomes among pregnant women), because
indirect (across studies) comparisons of outcomes other
than test performance are susceptible to bias resulting
from differences among the populations included. We
found a few RCTs with moderate risk of bias that provided
information on the comparative effectiveness of alternative
testing strategies. These studies assessed various
comparisons across different modalities (or different
versions of the same modality) and therefore did not
provide definitive evidence for any of the possible pairwise
contrasts they evaluated.

Adverse Events of Testing

Information on harms was often incomplete and poorly
reported. Only a minority of the included studies provided



Table F. Assessment of the strength of evidence for test performance of individual tests

Strength Test Sensitivity in Key Test Specificity in Key
Test or of Subgroups — Subgroup (N Studies) Subgroups — Subgroup (N Studies):
Score Evidence Sensitivity (95% Crl) Specificity (95% Crl)
WBC count | Moderate Adults (26): 0.81 (0.74 to 0.87) Adults (26): 0.54 (0.42 to 0.64)
Children (41): 0.80 (0.73 to 0.85) Children (41): 0.65 (0.56 to 0.73)
Elderly (3): 0.71 (0.69 to 0.77) Elderly (3): 0.50 (0.38 to 0.70)
Women of reproductive age (2): 0.64 (0.60 to Women of reproductive age (2): 0.67 (0.67 to 0.67)
0.69) Pregnant women (6): 0.75 (0.38 to 0.95)
Pregnant women (6): 0.63 (0.21 to 0.92)
CRP Low Adults (15): 0.84 (0.73 to 0.92) Adults (15): 0.67 (0.50 to 0.81)
Children (22): 0.73 (0.66 to 0.80) Children (22): 0.72 (0.61 to 0.81)
Elderly (2): 0.91 (0.91 to 0.92) Elderly (2): 0.91 (0.91 to 0.92)
Women of reproductive age (3): 0.79 (0.44 to Women of reproductive age (3): 0.79 (0.44 to 0.97)
0.97) Pregnant women (1): 0.68
Pregnant women (1): 0.68
Measures Low Please see the Results section for the test —
based on the performance of various test combinations
CBC and
differential
Alvarado Moderate Adults (3): 0.91 (0.89 to 0.93) Adults (3): 0.31 (0.24 to 0.78)
score (low- Children (6): 0.99 (0.92 to 1.00) Children (6): 0.48 (0.24 to 0.74)
risk cutoff) Women of reproductive age (2): 0.99 (0.98 to Women of reproductive age (2): 0.24 (0.22 to 0.25)
1.00)
Alvarado Moderate Adults (16): 0.80 (0.60 to 0.93) Adults (16): 0.71 (0.50 to 0.85)
score (high- Children (9): 0.83 (0.73 to 0.91) Children (9): 0.81 (0.63 to 0.92)
risk cutoff) Women of reproductive age (5): 0.70 (0.35 to Women of reproductive age (5): 0.91 (0.65 to 0.99)
0.92)
PAS Low Children (5): 0.03 (0.00 to 0.13) Children (5): 1.00 (0.99 to 1.00)
CT Moderate— | Adults (72): 0.96 (0.95 to 0.97) Adults (72): 0.96 (0.93 to 0.97)
high Children (34): 0.96 (0.94 to 0.98) Children (34): 0.92 (0.85 to 0.96)
Elderly (4): 1.00 (0.94 to 1.00) Elderly (4): 1.00 (0.94 to 1.00)
Women of reproductive age (11): 0.99 (0.96 to | Women of reproductive age (11): 0.91 (0.75 to 0.97)
1.00) Pregnant women (5): 0.91 (0.75 to 0.97)
Pregnant women (5): 0.99 (0.96 to 1.00)
MRI Low Adults (7): 0.95 (0.88 to 0.98) Adults (7): 0.92 (0.87 to 0.95)
Children (7): 0.97 (0.87 to 1.00) Children (7): 0.96 (0.84 to 0.99)
Women of reproductive age (1): 1.00 Women of reproductive age (1): 0.86
Pregnant women (11): 0.98 (0.92 to 1.00) Pregnant women (11): 0.98 (0.96 to 1.00)
[ON Moderate Adults (38): 0.85 (0.79 to 0.90) Adults (38): 0.90 (0.83 to 0.95)

Laparoscopy = Moderate

Children (85): 0.89 (0.86 to 0.92)

Women of reproductive age (11): 0.72 (0.51 to
0.88)

Pregnant women (13): 0.72 (0.45 to 0.92)

Please see the Results section in the main

Children (85): 0.91 (0.89 to 0.94)
Women of reproductive age (11): 0.92 (0.75 to 0.98)
Pregnant women (13): 0.95 (0.84 to 0.99)

report for a full description of results related to
diagnostic laparoscopy

CBC = complete blood count; Crl = credible interval, CRP = C-reactive protein; CT = computed tomography; MRI = magnetic resonance imaging;
PAS = Pediatric Appendicitis Score; US = ultrasound; WBC = white blood cell count
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information on test-related harms, raising concerns about
selective outcome and analysis reporting. The majority of
the studies providing information on adverse events did not
report the definitions or ascertainment methods they used.
Importantly, no information was available from studies
meeting our selection criteria regarding the effects of
ionizing radiation. This is particularly important, as there
is substantial variation in the levels of radiation delivered
with newer multiphase CT scans performed for evaluation
of appendicitis. Information was particularly limited

on fetal and maternal outcomes of various diagnostic
modalities applied during pregnancy for the investigation
of acute appendicitis. Overall, we rated the strength of
evidence on the harms of tests for acute appendicitis to be
insufficient, primarily because of concerns about outcome
reporting bias and the sparseness of available evidence.

Limitations of the Evidence Base

The evidence base regarding the diagnosis of acute
appendicitis is limited in the following ways:

» Studies reporting information on test performance
outcomes were at moderate to high risk of bias.
Differential verification (the use of different reference-
standard tests depending on the results of the index
test) and partial verification (the failure to apply the
reference standard to all of the included patients) were
common, particularly in studies that were not surgical
series (generally, studies with a lower prevalence of
appendicitis). Studies with complete and nondifferential
verification tended to be surgical cohorts reporting
exclusively on patients undergoing appendectomy
and so are not representative of all patients presenting
with acute RLQ pain. In addition, poor reporting of
information on study design hampered our risk-of-bias
assessment.

* Studies provided limited information to assess the
impact of various factors related to patients, technical
implementation, operators, or systems on the
performance of the tests of interest.

e Information on the comparative effectiveness of
alternative testing strategies (e.g., sequential use of tests
as part of a diagnostic algorithm) with respect to test
performance, patient-relevant outcomes, and resource
use was limited. Direct (within study) comparisons of
test performance and the impact of testing strategies
on clinical outcomes were scarce. Studies have not
compared diagnostic algorithms (e.g., combinations of
tests applied in sequence, such that the results of earlier
tests determine the choice of subsequent tests). When
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two or more index tests were evaluated in the same
study, the role of testing that was being examined
(add-on, replacement, triage) was often unclear.

* In studies of diagnostic scores, multivariable models
were often developed and evaluated in the same patient
sample. The lack of separation between the training and
testing datasets (or any attempt at internal validation
of the model) generally leads to optimistic (too high)
estimates of test performance. The lack of external
validation (replication) also limited our ability to assess
the generalizability of many diagnostic scores.

* Few RCTs compared alternative test strategies with
respect to patient-relevant outcomes. The few trials
reporting patient-relevant outcomes were fragmented
across heterogeneous comparisons of alternative
testing strategies. The trials often used suboptimal
methods for randomized sequence generation,
allocation concealment, and blinding, or they provided
information that was too limited to assess these aspects
of study design. Many had sample sizes that were too
small to reliably detect small or moderate differences
between the strategies being compared.

* In contrast to the RCTs, NRCSs of alternative testing
strategies attained large sample sizes but often reported
unadjusted analyses (or analyses adjusted for only
a small number of potential confounders) that do
not allow strong conclusions about the comparative
effectiveness of alternative test strategies to be drawn.

Strengths and Limitations of This Review

Previous reviews on this topic have focused on special
patient populations, have almost exclusively focused

on test performance outcomes, have not assessed harms
systematically, or have focused on a very limited spectrum
of study designs. Our work provides a comprehensive
up-to-date summary of the evidence on the diagnosis

of RLQ pain and suspected acute appendicitis. For

many of the examined tests and patient populations, this
review is the first to be conducted. For some important
modalities that have been investigated to some extent

in previous meta-analyses (e.g., CT, MRI, US, and
multivariable diagnostic scores), our work includes a much
larger number of studies (and a greater total number of
patients) than previous reviews. This allows us to provide
accurate estimates of test performance in different patient
populations that can be used to inform clinical decisions
(especially if used as inputs in decision and simulation
models) and to identify evidence gaps to inform the
planning of future research.



Nonetheless, several limitations, which to a large extent
reflect the limitations of the underlying evidence base,
must be considered when interpreting our results.

¢ The evidence base has a number of limitations, detailed
in the preceding section: quality was often poor,
patient-relevant outcomes and harms were incompletely
and inconsistently reported, and information on study-
or population-level characteristics that could modify
test performance and patient-relevant outcomes was
also incomplete.

*  We assumed that pathological diagnosis and clinical

followup have negligible error (i.e., that they represent
a “gold” standard). It is unlikely that this assumption
is exactly true. Consequently, it is likely that estimates
of test performance are biased, and the direction of this
bias is hard to predict, particularly at the meta-analysis
level. However, we believe that the error rate of these
reference standards is low enough that its influence on
our estimates is relatively small.

* Finally, we did not address contextual factors (e.g.,
availability of equipment, trained readers) that are
important determinants of the adoption of specific
diagnostic strategies in particular settings.

Applicability of Review Findings

In general, the existing evidence on alternative diagnostic
tests for the diagnosis of acute RLQ pain and suspected
acute appendicitis appears to be applicable to clinical
practice in the United States. The included studies enrolled
patients representative of the age and sex distribution

of patients seeking care for RLQ abdominal pain in the
United States, and evidence on test performance was
available for all commonly used modalities. Information
on adults and children was often separately reported,
allowing the assessment of test performance in these
patient subgroups. However, information was more
limited for patients at the extremes of age (i.e., children
younger than 5 years or the elderly), pregnant women,

and women of reproductive age; in some cases, decisions
for these will have to rely on extrapolation of results from
population subgroups with more available information,
and thus applicability assessments are not possible.
Approximately one-third of the studies in this review were
conducted in the United States, and the vast majority were
carried out either in the United States or in industrialized
European or Asian countries. Care settings varied across
studies, including academic and nonacademic centers,

and patient populations included those sampled at
emergency departments, in surgical cohorts, or from mixed
populations.
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Assessing the applicability of studies on clinical symptoms
and signs was challenging: the pathophysiologic
rationale for many of these tests is well established,

but many of the relevant studies were conducted before
the widespread availability of imaging modalities, and
thus their findings may reflect test performance in a
population with more advanced disease or populations
selected for a high probability of appendicitis (e.g.,
surgical cohorts). Studies of laboratory and imaging tests
evaluated “stable” technologies (e.g., white blood cell
count) or were conducted in recent years; for example,
many studies of C-reactive protein, CT, and US were
conducted from 2005 onward. In meta-regression analyses
comparing test performance in the last decade against
earlier years, there was no evidence that the performance
of laboratory or imaging tests has changed significantly
over time; however, the indirect nature of metaregression
comparisons and the low precision of metaregression
estimates limit the strength of these results. In contrast,
the applicability of the evidence on most multivariable
diagnostic scores may be somewhat limited because most
were developed before the era of widespread availability
of imaging. The lack of external validation for most
diagnostic scores also limits the applicability of these
results. The findings of studies on diagnostic laparoscopy
may also be less applicable because many of the studies
were conducted before the widespread availability of
diagnostic imaging.

Future Research Needs

Studies of Diagnostic Test Performance

* Cohort studies of test performance would provide
useful information, particularly for diagnostic tests
that have not been studied adequately (e.g., MRI in
all relevant patient populations) and to compare the
performance of tests for which comparative information
is limited (e.g., direct comparisons of CT vs. US;
comparisons between CT with contrast administered
via alternative routes).

* Such diagnostic cohort studies (and comparative
studies in particular) are also needed to evaluate the
test performance of combinations of tests and testing
strategies by estimating conditional test performance
and by developing and validating multivariable
diagnostic tools internally and in independent datasets.
For example, they could examine the use of US as a
triage test for CT or MRI, or the use of multivariable
diagnostic scores to select patients who can be
monitored without immediate imaging or treatment
(e.g., low-risk patients who can be managed with



wait-and-see strategies), those who need imaging, and
those who need the initiation of treatment without
imaging. They can also provide information to
determine how patient- and test-related factors affect
performance (i.e., to examine whether test performance
depends on easily identifiable patient characteristics).

Research is needed on the natural history of acute
appendicitis, specifically on whether (and how often)
cases of appendicitis resolve on their own and the rate
of recurrence among such cases. Studies of natural
history (e.g., among patients deemed to be appropriate
candidates for medical management or wait-and-see
strategies) are necessary for evaluating the impact

of tests in decision and simulation modeling studies
(discussed later) and also to inform the design of
studies of alternative test-and-treatment strategies,
including studies of the sequencing of multiple tests
and the timing of examinations. Of note, the test
performance of diagnostic tests may vary during
different timepoints in the development of acute
appendicitis; for instance, laboratory tests may be
highly sensitive for cases associated with more severe
inflammation.

Paired test study designs, in which all index tests are
applied to all enrolled patients (so that each patient
has results from every test of interest), are generally
more efficient than parallel-arm designs and should be
considered when planning future studies.®

Cohort studies assessing the performance of tests

that have been evaluated extensively (e.g., CT and

US) are most needed for specific patient populations
(e.g., pregnant women, young children, and the
elderly); for other tests (e.g., MRI) further research

is needed in all patient populations. Comparative
studies are needed for all tests and all populations.
Ideally, future studies of test performance will be large
(powered to achieve adequate precision), prospectively
designed, multicenter investigations enrolling patients
representative of those seen in clinical practice. Studies
should prespecify the criteria for a positive test, use
standardized diagnostic criteria for the diagnosis of
appendicitis, use followup for an adequate period of
time (1-2 weeks) for patients who do not undergo
surgery, and have as complete followup as possible.
Studies that evaluate two or more index tests should
provide a detailed description of the role of testing
they are evaluating (triage, add-on, replacement) and
report data in enough detail to allow statistical analyses
appropriate for that evaluation.®

19

Multivariable diagnostic scores provide an appealing
way to combine information from multiple clinical
symptoms and signs, laboratory tests, and possibly

US. Multivariable scores may be particularly useful in
identifying patients who are at low risk for appendicitis
and who may be candidates for wait-and-see strategies
or less aggressive imaging strategies. Cohort studies
for the development and validation of such scores
should use state-of-the science methods for model
development and internal and external validation.

Future research needs to be better reported and studies
should adhere to established reporting guidelines
(e.g., STAndards for the Reporting of Diagnostic
accuracy studies; www.stard-statement.org/).

Studies of Patient-Relevant Outcomes and Resource
Use

Cohort studies of diagnostic test strategies can also
be used to study the impact of tests on patient-
relevant and resource use outcomes. For tests with
well-understood performance characteristics, such
studies may use randomized designs. In many cases,
however, randomized comparisons of alternative test
strategies are unlikely to be fruitful because existing
studies indicate that many of the competing tests
have sensitivities and specificities that are fairly
similar and close to 1.%7 Under these conditions, RCTs
comparing alternative test strategies would need to
enroll very large numbers of participants to allow
reliable comparisons. If randomized studies are deemed
necessary, consideration should be given to paired
randomized designs because they are more efficient
than parallel-arm trials.

Large-scale observational prospective studies could
be used to evaluate the effectiveness of alternative

test strategies with respect to short- and long-term
patient-relevant outcomes and to explore factors that
may modify the effect of tests on these outcomes. Such
studies would need to collect detailed information on
baseline factors that may be associated with the choice
of test strategy and the outcomes of interest in order

to attempt to address confounding bias. Comparisons
across methods should be performed only among
patients who would be candidates for assessment with
all methods being compared.

Decision and simulation modeling can be used to
determine whether randomized or nonrandomized
cohort studies assessing patient-relevant outcomes and
resource use are necessary and to guide their design.



Models can also be used to synthesize evidence on
test performance, impact of tests on clinical decisions,
treatment effectiveness, resource use (and, when
relevant, economic costs), and patient preferences

to guide clinical decisionmaking. We think that the
results of the current review provide a solid basis for
conducting such modeling studies.

Studies of Test-Related Adverse Events

Future studies should report complete information on
test-related adverse events, using prespecified criteria
and careful ascertainment methods.

Mathematical modeling studies can be used to
combine data on the effective radiation dose received
during alternative CT-based approaches with external
information on long-term radiation effects.®’

Conclusions

The literature on the test performance of clinical symptoms
and signs, laboratory and imaging tests, and multivariable
diagnostic scores for the diagnosis of acute appendicitis

is large, but it consists almost exclusively of studies at
moderate risk of bias, primarily because of differential
and incomplete verification. The few studies that assess
multiple tests are typically not designed with the goal of
providing comparative information. Thus, the available
evidence supports fairly strong conclusions about the
performance of individual tests, but it is largely insufficient
to support conclusions about comparative effectiveness,
especially with respect to clinical outcomes. Clinical
symptoms and signs and laboratory tests have relatively
limited test performance when used in isolation. Their
combination in multivariable scores is promising, but the
best studied scores were developed before the widespread
use of imaging modalitie, and more recently developed
scores have not yet been studied adequately. All three
major imaging modalities have adequate test performance.
Evidence on CT is mature for most patient populations of
interest. In contrast, MRI has been investigated in fewer
studies, many of which focus on its use for pregnant
women. US produces nondiagnostic scans more often
than CT or MRI, and when a diagnosis is possible, its
performance appears to be somewhat worse than CT and
MRI. Beyond test performance, information on patient-
relevant outcomes and resource use is very limited.
Information on test-related harms (e.g., adverse events due
to radiation) is provided by only a minority of studies and
is poorly reported. More research, much of which could be
accomplished through nonrandomized studies, is needed
to establish the performance in understudied patient
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populations (very young children, women of reproductive
age, the elderly) and modalities (e.g., MRI, multivariable
scores); compare competing tests; identify factors that
affect performance; and evaluate the impact of testing
strategies on patient-relevant outcomes, resource use,

and harms. Perhaps most importantly, given the large
volume of accumulated evidence on the performance

of various tests, decision and simulation modeling

(e.g., decision analysis, simulation modeling of the impact
of radiation on long-term outcomes) should be used to
guide decisionmaking and to inform the design of future
studies.
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